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Attorney Docket No. 36856.305 

WIRING CONNECTION STRUCTURE OF LAMINATED CAPACITOR AND 
DECOUPLING CAPACITOR, AND WIRING BOARD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a wiring connection 
structure of a laminated capacitor and a decoupling 
capacitor, and a wiring board. The present invention 
particularly relates to a laminated capacitor that is 
advantageously applied to a high frequency circuit, and a 
wiring connection structure of a decoupling capacitor 
constructed using the laminated capacitor, and wiring boards. 

2. Description of the Related Art 

Most typical conventional laminated capacitors include 
a capacitor body having a plurality of laminated dielectric 
layers having, for example, ceramic dielectrics, and plural 
pairs of first and second internal electrodes alternately 
disposed along the direction of lamination of the dielectric 
layers in opposed relation with each other so as to define a 
plurality of capacitor units. First and second external 
terminal electrodes are provided on the first and second end 
surfaces, respectively, of the capacitor. The first 



- 2 - 



internal electrodes extend onto the first end surface of the 
capacitor body, where the first internal electrodes are 
electrically connected to the first external terminal 
electrodes. The second internal electrodes are also 
extended onto the second end surface, where the second 
internal electrodes are electrically connected to the second 
external terminal electrodes. 

In this laminated capacitor, the electric current 
flowing, for example, from the second external terminal 
electrode to the first external terminal electrode flows 
from the second external terminal electrode to the second 
internal electrode, and arrives at the first internal 
electrode from the second internal electrode through the 
dielectric layer, followed by arriving at the first external 
electrode through the first internal electrode. 

The equivalent circuit of a capacitor is represented by 
a circuit in which C, L and R are connected in series, where 
C denotes the capacitance of the capacitor, L denotes an 
equivalent series inductance (ESL) and R denotes an 
equivalent series resistance (ESR) mainly defined of the 
resistance R of the electrode. 

The resonance frequency (f 0 ) of this equivalent circuit 
is represented by an equation of f 0 = 1/ [2n x (L x C) 1/2 ], 
which means that the function as a capacitor is lost at a 
higher frequency than the resonance frequency. In other 
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words, the resonance frequency (f 0 ) becomes high when the 
value of L, or the value of ESL, is small, to allow the 
capacitor to be available at higher frequencies. Although 
copper has been used for forming the internal electrode in 
order to reduce the ESR value, a capacitor designed to have 
a low ESR value is required for applying the capacitor in 
microwave regions . 

A low ESR value is also required for the capacitor to 
be used as a decoupling capacitor, which is connected to a 
power supply circuit for supplying electricity to a MPU chip 
(a bear chip) of a microprocessing unit (MPU) for a work 
station or a personal computer. 

FIG. 8 is a block diagram illustrating one example of 
the wiring connection structure of a MPU 1 and a power 
source 2 as described above. 

With reference to FIG. 8, the MPU 1 includes a MPU chip 
* 3 and a memory 4. The power source 2 is provided to supply 
electricity to the MPU chip 3, and a decoupling capacitor 5 
is connected to the power supply circuit including the MPU 
chip 3 to the power source 2. A signal circuit is provided 
in the area from the MPU chip 3 to the memory 4 . 

The decoupling capacitor 5, which is used in 
conjunction with the MPU 1, is also used for absorbing 
noises or smoothing fluctuation of the power source in the 
same way as conventional decoupling capacitors are used. 
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However, use of a decoupling capacitor having operating 
frequencies of over 500 MHz and up to 1 GHz have been 
recently contemplated in a MPU chip 3, which is required to 
have a function as a quick power supply (a function to 
supply electric power from the charged electricity of a 
capacitor within a time interval of several nano-seconds, 
when electricity is urgently needed for power-up of the 
system) , when a high speed operation is required with 
respect to the MPU chip 3 . 

The power source is actually designed so that a DC 
power of about 2.0 V is supplied to the MPU chip 3 (with an 
operation clock frequency of about 500 MHz) with a power 
consumption of about 24 W, or an electric current of 12 A. 
For reducing power consumption, the system is configured to 
put the system in a sleep mode when the MPU chip 1 is on 
alert, thereby reducing the power consumption to 1 W or less. 

Electric power required for converting the system from the 
sleep mode to the active mode should be supplied to the MPU 
chip 3 within a time interval of the operating clock 
frequency, or the electric power should be supplied to the 
CPU within a time interval of about 4 to about 7 nano- 
seconds at an operation frequency of 500 MHz for converting 
the system from the sleep mode to the active mode. 

However, because the supply of the electric power from 
the power source 2 is too late, the MPU chip 3 has been 
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powered by discharging the electricity accumulated in the 
decoupling capacitor 5 placed in the vicinity of the MPU 
chip 3 before the electricity is supplied from the power 
source 2 . 

Accordingly, the inductance component has been desired 
to be as low as possible in the decoupling; capacitor 5 for 
the MPU 1, urging development of a capacitor having a very 
low inductance value. 

Under the conditions described above, a wiring 
structure of a laminated capacitor that is able to lower the 
ESL value has been proposed in Japanese Unexamined Patent 
Publication No. 11-204372. 

The ESL value is mainly reduced by offsetting magnetic 
fields induced by the electric current flowing in the 
laminated capacitor. Therefore, the electric current is 
allowed to flow along various directions in the laminated 
capacitor in order to offset the magnetic fields. For 
diversifying the current directions, the number of the 
external terminal electrodes provided on the surface of the 
capacitor body is increased, or the number of externally 
exposed terminal tabs of the internal electrodes to be 
electrically connected to the external terminal electrodes 
is increased, besides shortening the flow path length of the 
current flowing through the internal electrodes. 
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FIG. 9 illustrates a laminated capacitor 11 disclosed 
in the foregoing Japanese Unexamined Patent Application 
Publication No. 11-204372 together with an illustration of 
the cross-sectional structure of a MPU 12 using the 
laminated capacitor 11 as a decoupling capacitor. 

With reference to FIG. 9, the laminated capacitor 11 is 
provided with a capacitor body 14 including a plurality of 
laminated dielectric layers 13. At least one pair of first 
and second internal electrodes 15 and 16 arranged opposite 
to each other with specified layers of the dielectric layer 
13 disposed therebetween are provided within the capacitor 
body 14. 

Both of first and second external electrodes 18 and 19 
are provided on the first major surface 17 of the capacitor 
body 14 extending substantially parallel to the internal 
electrodes 15 and 16. External terminal electrodes are not 
provided at all on a second major surface 20 which is 
opposite to the first major surface 17. 

First feedthrough conductors 21, which perforate 
through specified layers of the dielectric layers 13 so as 
to provide electrical continuity between the first internal 
electrodes 15 and the first external terminal electrodes 18 
while the electrodes are electrically insulated from the 
second internal electrode 16, and second feedthrough 
conductors 22, which perforate through specified layers of 
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the dielectric layer 13 so as to provide electrical 
continuity between the second internal electrodes 16 and the 
second external terminal electrodes 19 while the electrodes 
are electrically insulated from the first internal 
electrodes 15, are provided within the capacitor body 14. 

A plurality of the first and second feedthrough 
conductors 21 and 22 are provided, and a plurality of the 
first and second external terminal electrodes 18 and 19 are 
also provided corresponding to positions of the respective 
first and second feedthrough conductors 21 and 22. 

According to the laminated capacitor 11 as described 
above, the magnetic fields induced by the electric current 
flowing through the internal electrodes 15 and 16 offset 
each other to lower the ESL value, since the directions of 
the electric current flowing through the internal electrodes 
15 and 16 are diversified in addition to the flow path being 
shortened . 

The MPU 12 includes, on the other hand, a multi-layered 
wiring board 24 having a cavity 23 on the bottom surface 
thereof. A MPU chip 25 is mounted on the surface of the 
wiring board 24. The laminated capacitor 11 that defines a 
decoupling capacitor is accommodated within the cavity 2 3 of 
the wiring board 24. The wiring board 24 is mounted on the 
surface of a mother board 26. 
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As illustrated in the drawing, wiring conductors 
required for the MPU 12 are arranged within and on the 
surface of the wiring board 24, and an electrical circuit as 
shown in FIG. 8 is completed by these wiring conductors. 

A representative example includes hot-side electrodes 
27 for a power source and ground electrodes 28 disposed 
within the wiring board 24 . 

The hot-side power electrode 27 is electrically 
connected to the first external terminal electrode 18 of the 
laminated capacitor 11 through a via-hole conductor 2 9 at 
the hot side for the power source, is electrically connected 
to a specified terminal 31 of the MPU chip 25 through a via- 
hole conductor 3 0 at the hot side of the power source, and 
is electrically connected to a hot-side conductive land 33, 
which is destined to be in electrical continuity with the 
mother board 26, through a via-hole conductor 32 at the hot 
side for the power source. 

The ground electrode 28 is electrically connected to 
the second external terminal electrode 19 of the laminated 
capacitor 11 through a via-hole conductor 34 for grounding, 
is electrically connected to a specified terminal 36 of the 
MPU chip 25 through a via-hole conductor 35 for grounding, 
and is electrically connected to a conductive land 38 for 
grounding, which is destined to be connected to the mother 
board 26, through a via-hole conductor 37 for grounding. 
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Illustration of the memory corresponding to the memory 
4 shown in FIG. 8 is omitted in FIG. 9. 

Both of the first and second external terminal 
electrodes 18 and 19 are located on the major surface 17 of 
the capacitor body 14 in the laminated capacitor 11 as shown 
in FIG. 9. For example, if the wiring conductor has a 
ground potential, then the second external terminal 
electrode 19 of the capacitor 11 is connected to the 
conductive land 38 for grounding after passing through the 
via-hole 34 for, grounding, the via-hole conductor 34 for 
grounding, the ground electrode 2 8 and the via-hole 
conductor 37 for grounding in the wiring board 24. 

Accordingly, the length of the ground side line 
determined by the lengths of the via-holes conductors 34 and 
3 7 for grounding, and the length of the ground electrode 28 
turns out to be relatively longer so as to increase the 
inductance component generated around the ground side line. 
As a result, the effect of using the laminated capacitor 11 
designed to have a low ESL value is compromised and reduced. 
The relatively longer ground side line also causes an 
increase of impedance . 

Increasing of the length of the ground side line as 
described above also causes the wiring in the wiring board 
24 to be very complicated. 
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SUMMARY OF THE INVENTION 

In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
laminated capacitor that solves the problems described above 
by providing a wiring connection structure of a decoupling 
capacitor constructed using the laminated capacitor, and a 
wiring board. 

The laminated capacitor according to preferred 
embodiments of the present invention preferably includes a 
capacitor body having a laminated body including a plurality 
of dielectric layers. 

At least a pair of first and second internal electrodes 
disposed opposed to each other with one of the dielectric 
layers disposed therebetween are provided within the 
capacitor body. 

A plurality of first feedthrough conductors, which 
perforate through specified layers of the dielectric layers 
while being electrically insulated from the second internal 
electrode and being in electrical continuity with the first 
internal electrode, and a plurality of second feedthrough 
conductors, which perforate through the capacitor body while 
being electrically insulated from the first internal 
electrode and being in electrical continuity with the second 
internal electrode, are provided in the capacitor body. 
These first and second feedthrough conductors are arranged 
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so that magnetic fields induced by the electric current 
flowing through the internal electrodes offset each other. 

The laminated capacitor according to preferred 
embodiments of the present invention also preferably include 
a plurality of first external terminal electrodes, which are 
provided so as to correspond to the respective first 
feedthrough conductors while being electrically connected to 
the respective plural first feedthrough conductors, and a 
plurality of second external terminal electrodes, which are 
provided so as to correspond to the respective second 
feedthrough conductors while being electrically connected to 
the respective plural second feedthrough conductors. 

The first external terminal electrodes are located at 
least on the first major surface of the capacitor body 
extending substantially parallel to the internal electrodes, 
and the second external terminal electrodes are located on 
both the first major surface and the second major surface in 
opposed relation to the first major surface. 

The first external terminal electrodes as well as the 
second external terminal electrodes may be located on both 
the first major surface and the second major surface in the 
laminated capacitor according to preferred embodiments of 
the present invention. 

In brief, the laminated capacitor according to 
preferred embodiments of the present invention includes a 
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plurality of the first external terminal electrodes, which 
are arranged to correspond to respective plural first 
feedthrough conductors connected to the first internal 
electrodes, and a plurality of second external terminal 
electrodes which are arranged to correspond to respective 
plural second feedthrough conductors connected to the second 
internal electrodes, the first external terminal electrodes 
being provided on at least the first major surface of the 
capacitor body, while the second external terminal 
electrodes being provided on both the first and second major 
surfaces . 

The second feedthrough conductors are electrically 
connected to the second external terminal electrodes located 
on both the first and second major surfaces, and the first 
feedthrough conductors are electrically connected to the 
first external terminal electrodes when the first external 
terminal electrodes are located on both the first and second 
major surfaces. The feedthrough conductors perforating so 
as to reach both the first and second major surfaces as 
described above preferably have a cross-sectional area of 
about 2 x 10" 3 mm 2 or more, and more preferably have a cross- 
sectional area of about 7 x 10 " 3 mm 2 or more, and further 
preferably have a cross-sectional area of about 1.5 x 10" 2 
mm 2 or more . 

It is preferable that solder bumps are formed on the 
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first and second external terminal electrodes. 

Other preferred embodiments of the present invention 
are directed toward the wiring connection structure of the 
decoupling capacitor to be connected to a power supply 
circuit for the MPU chip provided in the microprocessing 
unit. In this wiring connection structure, the decoupling 
capacitor preferably includes a capacitor body having first 
and second major surfaces opposite to each other, and 
feedthrough conductors perforating from the first to the 
second major surfaces within the capacitor body. Power 
supply lines and/or signal lines to be connected to the MPU 
chip are grounded to a mother board via the feedthrough 
conductors . 

The laminated capacitor according to preferred 
embodiments of the present invention can be advantageously 
used as the decoupling capacitor in the wiring connection 
structure of the decoupling capacitor as described above. 
It is preferable in the wiring connection structure that the 
hot side of the power supply circuit is connected to the 
first external terminal electrode of the laminated capacitor. 

With the unique wiring connection structure described above 
allows the ground side of the power supply circuit to be 
electrically connected, for example, to the ground side 
conductive land on the mother board via the second external 
terminal electrode and second feedthrough conductor. When 
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the first external terminal electrodes are located on both 
the first major surface and second major surface, the hot 
side of the power supply circuit is made to be electrically 
connected, for example, to the hot side conductive land on 
the mother board. 

Preferred embodiments of the present invention are also 
directed to a wiring board, on which a MPU chip provided in 
the microprocessing unit is mounted. The wiring board 
includes a wiring conductor at the hot side of the power 
source for supplying electricity to the MPU chip and a 
ground side wiring conductor. The laminated capacitor 
according to preferred embodiments of the present invention 
described above is packaged on this wiring board so that the 
first major surface is directed toward the wiring board side 
and the second major surface is directed toward the outside 
of the package. The first external terminal electrode at 
the first major surface side is electrically connected to 
the wiring conductor at the hot side of the power source, 
while the second external terminal electrode at the first 
major surface side is electrically connected to the ground 
side wiring conductor in the package. 

When laminated capacitors located on both the first 
major surface and the second major surface are used in the 
wiring board as described above, the first external terminal 
electrode at the first major surface side is electrically 
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connected to the wiring board at the hot side of the power 
source, and the second external terminal electrode at the 
first major surface side is electrically connected to the 
ground side wiring conductor in packaging the laminated 
capacitor, while electricity is supplied from the first 
external terminal electrode at the second major surface side. 

In preferred embodiments of the present invention 
directed to the wiring board as described above, the MPU 
chip is preferably mounted on the first substrate of the 
wiring board, and a cavity having an opening located along 
the second substrate surface in opposed relation to the 
first substrate surface is provided on the wiring board. 
The laminated capacitor is accommodated in the cavity with 
its second major surface disposed toward the opening of the 
cavity, in addition to the second major surface being 
located on the same level as the second substrate surface. 

In the wiring board according to preferred embodiments 
of the present invention, the plural terminals provided at 
the MPU chip may be arranged to have the same pitch as those 
of the arrangement of the first and second external terminal 
electrodes of the laminated capacitor. 

For the purpose of illustrating the invention, there is 
shown in the drawings several forms which are presently 
preferred, it being understood, however, that the invention 
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is not limited to the precise arrangements and 
instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a plan view of the internal structure of 
the laminated capacitor 41 according to a preferred 
embodiment of the present invention, indicating a cross- 
section dissected along the first internal electrode 44. 

FIG. 2 shows a plan view of the internal structure of 
the laminated capacitor 41 shown in FIG. 1, indicating a 
cross-section dissected along the second internal electrode 
45. 

FIG. 3 shows a cross -section of the laminated capacitor 
41 along the line III-III shown in FIGs. 1 and 2. 

FIG. 4 shows a cross-section illustrating an example of 
the structure of the MPU 61 in which the laminated capacitor 
41 shown in FIGs. 1 to 3 is used for the decoupling 
capacitor. 

FIG. 5 shows the laminated capacitor according to 
another preferred embodiment of the present invention 
corresponding to FIG. 3. 

FIG. 6 shows a cross-section illustrating an example of 
the structure of the MPU 61a in which the laminated 
capacitor 41a shown in FIG 5 is used for the decoupling 
capacitor . 
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FIG. 7 shows a cross-section illustrating an example of 
the structure of the MPU 61b in which the laminated 
capacitor 41b according to a different preferred embodiment 
of the present invention is used for the decoupling 
capacitor. 

FIG. 8 shows a block diagram illustrating the wiring 
connection structure with respect to the MPU 1 and power 
source 2 which are relevant to preferred embodiments of the 
present invention . 

FIG. 9 is a drawing corresponding to FIG. 4, which is a 
cross- section illustrating one example of the structure of 
the MPU 12 in which the conventional laminated capacitor 11 
is used for the decoupling capacitor. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
FIGs 1 to 3 illustrate a laminated capacitor 41 
according to a preferred embodiment of the present invention. 

FIGs. 1 and 2 are plan views of the laminated capacitor 41 
showing the internal structure of the laminated capacitor 41 
having mutually different cross-sections. FIG. 3 shows a 
cross-section along the line III-III shown in FIG. 1 or 2 . 

The laminated capacitor 41 preferably includes a 
capacitor body 43 containing a laminated body of a plurality 
of dielectric layers 42. The dielectric layers 42 are 
preferably made of, for example, ceramic dielectrics or 
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other suitable material. 

At least one pair of first and second internal 
electrodes 44 and 45 opposed to each other with one of the 
dielectric layers disposed therebetween 42 are provided 
within the capacitor body 43. Plural pairs of the first and 
second internal electrodes 44 and 45 are provided in this 
preferred embodiment. 

A plurality of first feedthrough conductors 46 
perforating through specified layers of the dielectric 
layers are provided within the capacitor body 43, while the 
conductors are electrically insulated from the second 
internal electrodes 45 and electrically connected to the 
first internal electrodes 44. A plurality of second 
feedthrough conductors 47 perforating through the capacitor 
body 43 are also provided while the conductors are 
electrically insulated from the first internal electrodes 44 
and electrically connected to the second internal electrodes 
45 . 

A plurality of first external terminal electrodes 49 
corresponding to respective first feedthrough conductors 46 
are provided on a first major surface 48 of the capacitor 
body 43 so as to extend substantially parallel to the 
internal electrodes 44 and 45, while the electrodes are 
electrically connected to respective plural feedthrough 
conductors 46 . 
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A plurality of second external terminal electrodes 51a 
corresponding to the respective second feedthrough 
conductors 47 are provided on the first major surface 48 of 
the capacitor body 43, while the electrodes are electrically 
connected to the respective second feedthrough conductors 47. 

A plurality of second external terminal electrodes 51b 
corresponding to the respective second feedthrough 
conductors 47 are also provided on a second major surface 50 
in opposed relation to the first major surface 48, while the 
electrodes are electrically connected to the respective 
second feedthrough conductors 47. 

Plural first and second internal electrodes 44 and 45 
are arranged in this preferred embodiment, such that the 
electrostatic capacitance generated between the internal 
electrodes 44 and 45 connected in parallel through the first 
and second feedthrough conductors 46 and 47, and the 
electrostatic capacitance connected in parallel as described 
above is extracted between the first external electrode 49, 
and the second external electrodes 51a and 51b. 

The first feedthrough conductors 46 and the second 
feedthrough conductors 47 are arranged to offset the 
magnetic fields induced by the electric current flowing 
through the internal electrodes 44 and 45. In other words, 
the first and second internal electrodes 46 and 47 are 
arranged adjacent to each other in order to diversify the 
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direction of the electric current flowing through the 
internal electrodes 44 and 45 in addition to shortening the 
length of the current flow path in this preferred embodiment. 
As a result, the ESL value is greatly decreased. 

Conductive pads 52 and 53, and solder bumps 54 and 55 
are preferably provided on the first external electrodes 49 
and the second external electrodes 51a and 51b in this 
preferred embodiment. 

The conductive pads 52 and 53 are preferably made of, 
for example, a Cr/Ni/Cu deposition film, while the internal 
electrodes 44 and 45, and the feedthrough conductors 46 and 
47 are preferably made by, for example, baking the 
conductive paste containing Ni . 

FIG. 4 is a drawing corresponding to FIG. 9, which 
illustrates a MPU 61 in which a laminated capacitor 41 as 
described in the foregoing preferred embodiments is used as 
a decoupling capacitor. 

With reference to FIG. 4, the MPU 61 includes a wiring 
board 62, and a MPU chip (a bare chip) 64 is mounted on the 
surface of a first substrate 63 at the upper side of the 
wiring board 62 . i 

A cavity 66 is provided at the side of a second 
substrate surface 65 located at a lower surface side of the 
wiring board 62. The cavity 66 allows the opening to be 
located along the second substrate surface 65. 
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The laminated capacitor 41 described above is 
accommodated within the cavity 66 while a second major 
surface 50 of the capacitor body 43 is directed toward the 
opening of the cavity 66. The second major surface 50 of 
the capacitor body 43 is located on the same level as the 
second substrate surface 65 of the wiring board 62. 

The wiring board 62 as described above is mounted on 
the surface of a mother board 67. 

Wiring conductors required for the MPU 61 are provided 
on the surface and within the wiring board 62 as illustrated 
in the drawing, and an electric circuit is completed by 
these wiring conductors. 

In a representative example, a hot-side electrode 68 
for the power source and a ground electrode 6 9 are provided 
within the wiring board 62. 

The hot-side electrode 68 for the power source is 
electrically connected to the first external terminal 
electrode 49 of the laminated capacitor 41 through a via- 
hole conductor 70 at the hot -side for the power source, and 
electrically connected to a specified terminal 72 of the MPU 
chip 64 through a via-hole 71 at the hot-side for the power 
source, besides being electrically connected to a hot-side 
conductive land 74 to be connected to the mother board 67 
through a via-hole conductor at the hot side for the power 
source . 
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Although the hot-side wiring connection structure is 
not illustrated in detail in FIG. 4, a wiring connection 
structure via the bump is applied for electrical connections 
between the via-hole conductor 70 at the hot-side for the 
power source and the first external terminal electrode 49, 
and between the via-hole conductor 71 at the hot-side for 
the power source and the terminal 72, and solder bumps are 
preferably provided on the hot-side conductive land 74. 

The ground electrode 69 is electrically connected to 
the external terminal electrode 51a at the first major 
surface 48 side of the laminated capacitor 41 through the 
grounding via-hole conductor 75, and is electrically 
connected to a specific terminal 77 of the MPU chip 64 
through the grounding via-hole conductor 76. In the 
laminated capacitor 41, the second external terminal 
electrode 51a at the first major surface 48 side is 
electrically connected to the second external terminal 
electrode 51b at the second major surface 50 side via the 
second feedthrough conductor 47, and the second external 
terminal electrode 51bis grounded to the ground side 
conductive land on the mother board 67, thus grounding the 
ground electrode 69. 

Although the wiring connection structures in the ground 
side are not illustrated in detail in FIG. 4, electrical 
connection via the bumps achieves electrical connection 



- 23 - 



between the grounding via-hole conductor 75 and the second 
external terminal electrode 51a, and the electrical 
connection between the grounding via-hole conductor 76 and 
the terminal 77. The solder bump 55 (see FIG. 3) is 
preferably disposed on the second external terminal 
electrode 51b as described above. 

According to the preferred embodiments described above, 
wiring in the wiring board 62 is greatly simplified because 
elements corresponding to respective via-hole conductors 37 
for grounding and ground side conductive lands 3 8 are 
omitted. In addition, the length of ground side lines is 
relatively shortened, since grounding to the ground 
electrode 68 is performed via the second feedthrough 
conductor 47 within the capacitor 41. Consequently, 
inductance components and impedance components are reduced 
to enable the system to be operated at a high frequency. 

With respect to the laminated capacitor 41 in this 
preferred embodiment, current flow directions on the cross- 
section shown in FIG. 3 can be reversed with each other 
between the first feedthrough conductor 46 and feedthrough 
conductor 47 in the discharge stage after charging. 
Therefore, magnetic fields offset each other to consequently 
and greatly decrease the ESL value. 

Illustration of a memory corresponding to the memory 4 
in FIG. 8 is omitted in FIG. 4. 
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FIG. 5 is a drawing corresponding to FIG. 3, and shows 
a laminated capacitor 41a according to another preferred 
embodiment of the present invention. The same reference 
numerals are given to the elements in FIG. 5 corresponding 
to those shown in FIG. 3, and repeated explanations thereof 
are omitted. 

The laminated capacitor 41a shown in FIG. 5 includes 
the second external terminal electrodes 51a and 51b, and the 
first external terminal electrodes 49a and 49b are located 
on both the first major surface 48 and the second major 
surface 50 of the capacitor body 43. In other words, the 
first external terminal electrodes 49a is located on the 
first major surface 48, and the first external terminal 
electrodes 49b is disposed on the second major surface 50. 

According to this preferred embodiment, the current 
flow directions on the cross-section shown in FIG. 5 can be 
reversed with each other between the first feedthrough 
conductor 46 and the second feedthrough conductor 47 in both 
stages of charging and discharging. Consequently, the ESL 
value is greatly reduced by the offset effect of magnetic 
fields caused by the current flow directions as described 
above . 

FIG. 6 is a drawing corresponding to FIG. 4, showing a 
MPU 61a in which the laminated capacitor 41a defines a 
decoupling capacitor. The same reference numerals are given 
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to the elements in FIG. 6 corresponding to those shown in 
FIG. 4, and repeated explanations thereof are omitted. 

With reference to FIG. 6, the ground side wiring 
conductors such as the grounding via-holes 75 and 76 to be 
connected to the ground electrode 69, the terminal 77, the 
second external terminal electrodes 51a and 51b, and the 
second feedthrough conductor 47 are substantially the same 
as those shown in FIG. 4. 

The via-hole conductor 73 at the hot -side for the power 
source and the hot-side conductive land 74 are omitted, on 
the other hand, as the conductors to be connected to the 
electrode 68 at the hot-side for the power source. Instead, 
the first external terminal electrode 49a at the major 
surface 50 side of the laminated capacitor 41a is connected 
to the hot-side conductive land on the mother board 67. 

According to this preferred embodiment, both of the 
feedthrough conductors 46 and 47 provided in the laminated 
capacitor 41a define the wiring conductors at the hot side 
for the power source for supplying electricity to the MPU 
chip 64, and define the ground side wiring conductors. 

Consequently, the lengths of both of the hot -side lines 
and ground side lines are greatly decreased to consequently 
greatly reduce inductance components and impedance 
components, in addition to simplifying the wiring in the 
wiring board 62a. 
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The memory corresponding to the memory 4 shown in FIG. 
8 is also omitted in FIG. 6. 

FIG. 7 shows a MPU 61b according to a further preferred 
embodiment of the present invention. FIG. 4 is a drawing 
corresponding to FIG. 6. The same reference numerals are 
given to the elements in FIG. 7 corresponding to those shown 
in FIG. 4 or 6, and repeated explanations thereof are 
omitted. 

A plurality of terminals 72 provided at the MPU chip 64 
are preferably arranged with substantially the same pitch as 
those of the arrangement of the first and second external 
terminal electrodes 4 9a and 51a of the laminated capacitor 
41b. The first external terminal electrode 49a is 
electrically connected to the terminal 72 of the MPU chip 64 
through the via-hole 78 at the hot side for the power source, 
and the second external terminal electrode 51a is 
electrically connected to the terminal 77 of the MPU chip 64 
through the grounding via-hole 79. 

According to the preferred embodiment described above, 
the hot side electrode 68 for the power source and the 
ground electrode 69 shown in FIG. 4 or FIG. 6, and 
electrical connections using the via-hole conductors through 
these electrodes are not needed in the wiring board 62b. 
Consequently, the lengths of the hot-side lines and ground 
side lines are greatly reduced to allow the inductance 
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components and impedance components caused by these line 
lengths to be greatly reduced, in addition to simplifying 
the wiring within the wiring board 62b. 

According to the preferred embodiment shown in FIG. 7, 
the directions of the electric current flow on the cross 
section shown in FIG. 7 can be reversed with each other not 
only between the first feedthrough conductor 46 and the 
second feedthrough conductor 47 in the laminated capacitor 
41b, but also between the via-hole conductor 78 at the hot 
side for the electric source and the grounding via-hole 
conductor 79. Consequently, magnetic fields are effectively 
offset to enable the ESL value to be greatly reduced. 

Illustration of a memory corresponding to the memory 
shown in FIG. 8 is also omitted in FIG. 7. 

The second feedthrough conductors 47 and the first 
feedthrough conductors 46 preferably have larger cross- 
sectional areas in order to secure a sufficient 
current -carrying capacity, wherein the second feedthrough 
conductors 47 are electrically connected to the second 
external terminal electrodes 51a and 51b located on both the 
first major surface 4 8 and the second major surface 50 in 
the laminated capacitor 41, 41a or 41b, or the first 
feedthrough conductors 46 are electrically connected to the 
first external terminal electrodes 49a and 49b when the 
first external terminal electrodes 49a and 49b are located 
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on both the first major surface 48 and the second major 
surface 50 as shown in the laminated capacitor 41a or 41b. 

For determining the preferable range of the cross- 
sectional area, the ESL values and current -carrying capacity 
were determined with respect to the laminated capacitors 41 
shown in FIGs. 1 to 3 , while variously changing the 
diameters and cross-sectional areas of the first and second 
feedthrough conductors 46 and 47. 

The laminated capacitors 41 including the inner 
electrodes 44 and 45 having approximate dimensions of 2.5 mm 
x 2.5 mm, and the feedthrough conductors 46 and 47 with an 
arrangement pitch of about 0.5 mm were prepared as the 
samples for the experiment, wherein, a total of 16 
feedthrough conductors 46 and 47 were arranged in a 4 x 4 
matrix array. 

Using the samples described above, the diameter and 
cross-section of the first and second feedthrough conductors 
46 and 47 were changed as shown in TABLE 1 below, and the 
ESL values and current -carrying capacity were measured for 
respective samples. 
TABLE 1 



DIAMETER (\im) 


CROSS 
SECTION 
(mm 2 ) 


ESL (pH) 


CURRENT CARRYING 
CAPACITY (A) 


30 


7.1 x 10"* 


57 . 4 


7.3 


50 


2.0 x lO'-* 


37.2 


12.4 


100 


7.9 x 10'* 


22 . 6 


24 .4 


150 


1.8 x 10"' 


16.8 


36.7 
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The ESL values shown in TABLE 1 were determined by a 
resonance method. In the resonance method, the ESL value 
can be calculated by the equation of ESL = l/[(27if 0 ) 2 x C] 
after determining the frequency characteristics of impedance 
of the laminated capacitor as the sample, where f 0 denotes 
the frequency at the minimum point (the series resonance 
point between the capacitance component C and ESL of a 
capacitor) . 

The current -carrying capacity is represented by an 
electric current required for allowing the temperature of 
the laminated capacitor 41 to increase by 25°C, when an 
alternating current of 1 kHz flows through the laminated 
capacitor 41 as the sample used in the experiment. 

TABLE 1 shows that the ESL value decreases as the 
cross-sectional areas of the feedthrough conductors 46 and 
47 become larger, even when the arrangement pitch of the 
feedthrough conductors 46 and 47 remains constant. While 
consumed electricity tends to increase with recent 
developments of high speed MPUs, it can be understood that a 
sufficient amount of current -carrying capacity is ensured by 
increasing the cross-sectional areas of the feedthrough 
conductors 46 and 47. 

The results shown in TABLE 1 show that the feedthrough 
conductors 46 and 47, particularly the second feedthrough 
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conductors 47 perforating so as to reach the first and 
second major surfaces 48 and 50, preferably have a cross 
sectional area of about 2 x 10" 3 mm 2 or more, more preferably 
have a cross sectional area of about 7 x 10~ 3 mm 2 or more, 
and further preferably have a cross sectional area of about 
1.5 x 10" 2 mm 2 or more. 

According to the laminated capacitor of preferred 
embodiments of the present invention as described above, the 
respective first and second internal electrodes opposed to 
each other are connected by the plural first and second 
feedthrough conductors, plural first external terminal 
electrodes corresponding to respective first feedthrough 
conductors are provided on the surface of the capacitor body 
while the respective electrodes are electrically connected 
to the plural first feedthrough conductors, and plural 
second external terminal electrodes corresponding to 
respective second feedthrough conductors are provided while 
respective electrodes are electrically connected to plural 
second feedthrough conductors, thereby allowing the 
laminated capacitor to have a very low ESL value. In 
addition, since the first external terminal electrodes are 
provided at least on the first major surface, and the second 
external terminal electrodes are provided on both the first 
major surface and the second major surface, the laminated 
capacitor mounted on the wiring board achieves the following 



- 31 - 



advantages . 

Although respective first and second external terminal 
electrodes are electrically connected to the wiring 
conductors at the wiring board side when the laminated 
capacitor is packaged by directing its first major surface 
toward the wiring board side, the second external terminal 
electrodes on the second major surface may be directed 
toward the outside of the package. Accordingly, when the 
wiring board mounting the laminated capacitor is packaged on 
the mother board while the second major surface of the 
capacitor body is directed, for example, toward the mother 

board side, the second external terminal electrodes on the 

< 

second major surface can be directly connected to the 
grounding side conductive lands on the motherboard. 
Consequently, the length of the lines at the grounding side 
related to the laminated capacitor and wiring board are 
greatly decreased to prevent the inductance components and 
impedance components from being increased. As a result, the 
laminated capacitor is extremely effective with high 
frequency operations in addition to preventing the effect of 
lowering the ESL value of the laminated capacitor from being 
compromised. Wiring within the wiring board is also 
simplified because no wiring conductors for grounding the 
laminated capacitor are needed within the wiring board. 

The hot-side lines can be also shortened when the first 
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external terminal electrodes are located on both the first 
major surface and second major surface in the laminated 
capacitor according to preferred embodiments of the present 
invention, enabling the foregoing advantages to be even more 
improved. 

The laminated capacitor according to preferred 
embodiments of the present invention as described above can 
advantageously define a bypass capacitor or a decoupling 
capacitor operated in a high frequency circuit. While the 
decoupling capacitor to be used in combination with the MPU 
chip provided in the MPU is required to have a function as a 
quick power supply, the laminated capacitor according to 
preferred embodiments^ of the present invention is very 
effective in a high speed operation when used for such 
decoupling capacitors, because the laminated capacitor 
intrinsically has a very low ESL that allows it to be 
mounted on the wiring board without generating a significant 
inductance component . 

The same advantage as described above can be expected 
in the wiring connection structure of the decoupling 
capacitor to be connected to the power supply circuit for 
the MPU chip including the microprocessing unit, when the 
decoupling capacitor has a capacitor body having the first 
and second major surfaces opposed to each other, when 
feedthrough conductors perforating from the first to the 
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second major surfaces are provided within the capacitor body, 
and when the power supply lines and/or signal lines to be 
connected to the MPU chip are grounded to the mother board 
via the feedthrough conductors. 

When the laminated capacitor according to preferred 
embodiments of the present invention is used for the 
decoupling capacitor to be connected to the power supply 
circuit for the MPU chip provided in the MPU, the laminated 
capacitor is packaged by directing its first major surface 
toward the wiring board side mounting the MPU chip while 
directing its second major surface toward the outside of the 
package. However, the laminated capacitor can be compactly 
packaged on the mother board with high efficiency and 
security, provided that the MPU chip is mounted on the first 
substrate surface of the wiring board, a cavity is provided 
on the wiring board by locating its opening along the second 
substrate surface in opposed relation to the first substrate 
face, the laminated capacitor is accommodated in the cavity 
while allowing the second major surface of the laminated 
capacitor to be directed toward the opening of the cavity, 
and the second major surface is located on the same level as 
the second substrate face of the wiring board. 

The ESL value of the laminated capacitor can be further 
reduced in the laminated capacitor according to preferred 
embodiments of the present invention, when the feedthrough 
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conductors to be connected to the external terminal 
electrodes located on both the first major surface and 
second major surface preferably have cross sectional areas 
of about 2 x 10" 3 mm 2 or more, more preferably have cross 
sectional areas of about 7 x 10" 3 mm 2 or more, and further 
preferably have cross sectional areas of about 1.5 x 10" 2 mm 2 
or more. While greater electricity is needed in the 
recently developed MPUs, the laminated capacitor according 
to preferred embodiments of the present invention more than 
satisfy the requirement of increasing the electric current 
level by lowering the operating voltage, because the 
current -carrying capacity of the feedthrough conductors is 
increased by expanding the cross -sectional area of the 
feedthrough conductors as hitherto described. 

When solder bumps are provided on the first and second 
external terminal electrodes in the laminated capacitor 
according to preferred embodiments of the present invention, 
a highly integrated packaging is enabled while suppressing 
parasitic inductance from being generated. 



While preferred embodiments of the invention have been 
disclosed, various modes of carrying out the principles 
disclosed herein are contemplated as being within the scope 
of the following claims. Therefore, it is understood that 
the scope of the invention is not to be limited except as 
otherwise set forth in the claims. 



